Background: Food availability, access, and utilization are the three pillars of food security and need to be aligned in order to support a healthy population. United States (US) fisheries policy plays an important role in seafood availability. US health policy impacts access and utilization of seafood in various ways; however, health policies are often disconnected from fisheries policy. Aligning fisheries and health policies is imperative to improve food security. We address two questions with our work: (1) how would US federal fisheries policy be different if our fisheries were managed with beneficial health outcomes for Americans as clear objectives; and (2) how would US health policy be different if one of its goals was to support sustainable domestic fisheries and aquaculture?
Background
Fish and other types of aquatic animal and plant species are an integral part of human economies, cultures, and health. Here, we refer to those species using the term "seafood" to include freshwater and marine species, principally those caught in commercial fisheries or grown through aquaculture. 1 Seafood supports the livelihoods of 10-12% of the world population [1] . Seafood is considered part of a healthy diet, providing nearly 3 billion people with 20% of their dietary protein needs and micronutrients such as iodine, potassium, selenium, B vitamins, and vitamin D [1, 2] . The omega-3 polyunsaturated fatty acids (PUFAs) in seafood support childhood development and reduce risks from heart disease [3, 4] . Underscoring the importance of seafood, the United States (US) and other national dietary recommendations call for increasing seafood consumption, particularly fish high in omega-3 PUFAs and low in mercury [5, 6 ]. Yet at the same time, fisheries experts and health experts are raising questions about whether national dietary recommendations are in fact achievable, equitable, and sustainable, given what some see as a diminished seafood supply from the world's oceans and general movement of seafood products from low-and middle-income countries to high-income countries [1, [7] [8] [9] [10] [11] . The underexplored intersection of these policy spheres, with different concerns and goals, has significant implications for future scenarios in both health and sustainability.
For millennia, wild capture fisheries were often viewed as inexhaustible resources. Today, scientists believe that the global fishing fleet reached its "peak catch" in 1996 at 130 million metric tons (MMT), with subsequent harvests declining by about 1.2 MMT each year [12] . Others have challenged the idea that global fisheries collapse is as imminent as predicted, and authors of both competing views found a patchwork of recovery and decline in different fisheries and regions around the world [13] . A combination of factors is driving many (but not all) fish stocks to decline, including: increased human demand due to population growth and rising incomes; overfishing; use of better technology to catch seafood by large fishing fleets; illegal, unregulated, unreported (IUU) fishing; poor management decisions in some fisheries; and the impacts of climate change (e.g., increasing ocean acidification and ocean temperatures) and biodiversity loss [13] [14] [15] [16] [17] . Humans have entered a new epoch, the Anthropocene, where human influence permeates the planet and decreasing wild harvests affect global food security [12, 18] .
Aquaculture, or aquatic animal and plant farming, has helped fill the gap between demand for seafood and declining wild fisheries [19] . Aquaculture has buoyed the global edible seafood supply and now contributes equal amounts to wild capture, in terms of seafood used for human consumption [20] . However, despite the different trajectories for aquaculture and wild capture fisheries, fed aquaculture (i.e., species requiring feed inputs) cannot be considered independently from wild capture fisheries or terrestrial crop production. Carnivorous farmed species like Atlantic salmon, trout, and marine shrimp still rely on feeds containing ingredients from wild-caught forage fish, such as anchovies, herring, and sardines, which tightly couples fisheries and aquaculture and introduces natural resource trade-offs [21, 22] that may impact food system resilience. The use of fishmeal and oil has greatly decreased in carnivorous farmed species, and the use of alternative feeds from terrestrial sources (e.g., soybean meal and oil, corn, other vegetable oils, animal byproducts) has increased in herbivorous, omnivorous, and carnivorous species. This links aquaculture with terrestrial agricultural systems and creates trade-offs that potentially impact the resilience of global food systems [23, 24] . Given these multiple connections, national policies related to fisheries and agriculture will have ripple effects on aquaculture production costs, and the human food supply and nutrition [23] .
A recognition of the complex and interrelated set of challenges in the commercial seafood sector provides the contextual foundation for this paper. We follow these challenges as a means of exploring how current fisheries and health policies are additive, synergistic, or antagonistic with regard to seafood. Admittedly, we are necessarily juxtaposing different institutions' ideas and practices about best uses for seafood; as we will discuss later, ideas and practices in one US-based institution can be inconsistent with another, or even internally inconsistent, due in part to differing priorities reflecting divergent values and social beliefs. Throughout this paper, we take the perspective that fish (including finfish and shellfish) is food and, more specifically, that seafood is a key ingredient in a food system [25] . Our aim is to highlight the policy intersections of fisheries and health and raise important questions while exploring this juncture.
In this study, we ask two questions: (1) how would US federal fisheries policy be different if our fisheries were also managed with health outcomes for Americans as clear management objectives; and (2) how would US health policy be different if one of its goals was to support sustainable domestic fisheries and aquaculture? As we begin to explore these questions, looking at past and current activities within US public health and fisheries management, we provide illustrative examples of collaboration and disconnects between health and fisheries management communities at different levels of the food system (federal and state policies, corporate partnerships, and civil society). Finally, we discuss opportunities to align fisheries and health policy and suggest priority areas for further research.
Methods
The study began with an exploratory phase consisting of six months of regular dialogue among an interdisciplinary research team, composed of two public health experts (Love and Fry) and three fisheries experts (Pinto da Silva, Olson, and Clay). This dialogue gave study team members an opportunity to better understand each others' disciplines and identify gaps in knowledge across the disciplines. Following the exploratory phase, the study team formulated two overarching questions related to the interactions between fisheries and public health. To answer the questions, the research team identified relevant background information about health policy and fisheries policy through federal agency Web sites, communicating with experts/stakeholders, reading literature available on PubMed and Google Scholar, and sharing our expert knowledge. This information was compiled in the "Background, " "Health policy, " and "Fisheries policy" sections.
In the health policy section, data in Table 1 on US nutrition assistance programs were compiled using the US Department of Agriculture Web site and in consultation with Janice Fitzgerald, Household Programs Operations Branch Chief at the US Department of Agriculture, Food, and Nutrition Service. To identify American seafood consumption trends for Table 2 , a search was performed in PubMed for the literature on seafood consumption using the NHANES dataset from the 1980s to present, and data from five sources were extracted and compiled. In "Fisheries policy" section, the annual commercial catch of forage fish in the USA was found in the National Marine Fisheries Service (NMFS) "Commercial Fisheries Statistics" database (in metric tons and value) and we report averages of yearly data from 2003 to 2013. Data on US edible and industrial seafood supply were procured from the 2013 edition of the NMFS annual report "Fisheries of the United States, 2013. "
We then developed five case studies to provide readers with tangible examples of synergy between fisheries and public health. These case studies were carefully selected to represent different levels of the food system and different entry points into the supply chain. To write the case studies, the team conducted background research and informal interviews with an environmental advocate, a fishmonger, a seafood wholesaler, a university food service provider, a canned fish business owner, and a fishing industry representative. Notes from these interviews were compiled and drafted into case reports. We followed up with some interviewees to check facts and ask additional questions.
Finally, the study team jointly developed a set of recommendations and conclusions based on the research conducted. The team shared these recommendations with external reviewers, a fisheries economist and an agriculture/health policy expert, for comments and revisions.
Results and discussion

Health policy
Nutritional benefits and seafood safety
To understand health policy related to seafood, it is useful to understand its scientific underpinnings in two of the most important disciplines: nutrition and food safety. Among the most significant health benefits of seafood are those derived from the omega-3 polyunsaturated fatty acids (PUFAs) present in many types of seafood. Fish high in omega-3 fatty acids include herring, mackerel, sardines, and salmon. In infants, there is strong evidence of gains in childhood development when pregnant and nursing mothers consume seafood, and limited evidence for a protective effect for asthma and eczema [3] . For adults, some of the best evidence that seafood consumption provides health benefits is the prevention of cardiac deaths in individuals with preexisting coronary heart disease [4] . There is limited evidence that seafood consumption later in life improves bone health and is protective against dementia; however, more studies are needed [2] . Seafood is a lean protein and can serve as a replacement for meat high in saturated fat. Importantly, fish oil supplements are not always associated with the same health benefits as eating a meal of a whole seafood product [3, 26] . In addition to nutrition, there are psychological, psychosocial, cultural, health, and food security benefits of consuming locally produced seafood [27] [28] [29] . Some of the health benefits of seafood are offset by food safety risks, such as naturally occurring biotoxins, metals, microbiological agents, other pollutants, and allergens present in some seafood. The most well-known contaminant associated with seafood is methylmercury (MeHg), a neurotoxin that enters the ocean primarily by deposition from burning fossil fuels and accumulates in the marine food web. Individuals eating large amounts of long-lived marine fish (e.g., shark, swordfish, king mackerel) and bottom-feeding fish (e.g., tilefish, catfish) are most at risk of negative health effects, particularly fetuses and infants exposed via their mother's intake of contaminated seafood [3] . Persistent organic pollutants (POPs), metals, and pesticides can be present in both saltwater and freshwater fish near urban centers, and people who practice subsistence fishing can be exposed to unsafe levels of pollutants [30, 31] . Biotoxins can include toxins produced by algae and incorporated into shellfish (i.e., paralytic shellfish poisoning) or fish (i.e., ciguatera), and naturally occurring marine bacteria (i.e., Vibrio spp.) that produce toxins in shellfish. Foodborne diseases from seafood are not uncommon, occurring most frequently through consumption of filter-feeding shellfish, raw fish products, or improperly handled or stored processed or imported seafood [32, 33] .
On balance, the benefits of seafood outweigh the risks [34] , which undergirds many health policies related to seafood. In fact, many policies are intended to increase seafood consumption to meet national dietary guidelines.
Policies related to seafood and health
There are many US health policies regarding seafood, primarily related to access and use of seafood but also food safety issues related to production and processing. To start this section, we familiarize readers with the federal agencies involved in seafood as it relates to human health, and describe each type of policy-be it dietary advice, labeling, or nutrition assistance. Most of these policies are inclusive of fisheries and aquaculture, and we note where differences exist. Additional detail, specifically on fisheries policy that affects seafood availability, is provided in the "Fisheries policy" section.
Overview of federal agencies involved in seafood as a food source Federal oversight of fisheries and aquaculture production is split among three agencies. The National Marine Fisheries Service (NMFS), which is a line office within the National Oceanic and Atmospheric Administration (NOAA), has regulatory purview over marine fisheries and aquaculture in federal waters and the Great Lakes [35, 36] . Freshwater and inland aquaculture is overseen by the US Department of Agriculture (USDA) [37] . Freshwater fishing outside of the Great Lakes is overseen by the Fish and Wildlife Service; however, their focus is not on food but rather on conservation.
Specific to aquaculture, the Food and Drug Administration (FDA) regulates veterinary drug use in farmed aquatic animals [38] . Aquaculture operations receive assistance from the USDA Animal and Plant Health Inspection Service (APHIS) for disease control, and live organisms originating from fish hatcheries are inspected by APHIS for diseases before sale across state or national borders [39] . The USDA is also in the process of developing organic standards and a USDA Organic label for aquaculture producers, which would limit the use of synthetic chemicals, certain feed ingredients, and some production methods; however, the draft regulation has not been released as of time of publication for this article [40] . Organic standards for aquaculture have come much later than organic standards for meat, dairy, fruits, and vegetables, in part because of the complexity and variety within aquaculture production methods and the relatively small size of the aquaculture industry in the US.
More generally, for all fisheries and aquaculture products, the FDA-along with support from NOAA, and USDA (for catfish)-inspects a small proportion of domestic and imported seafood and seafood processing plants [41] . NOAA will implement a new Seafood Import Monitoring Program focusing on traceability for 13 commercial species beginning in 2018 [42] . The USDA specifies grades and standards for various processed seafood products (such as canned or breaded processing standards) [43] . In some cases, physical or chemical inspection occurs, and in other cases, inspection of paperwork such as trade documents, permits, and hazard analysis and critical control points (HACCP) plans are reviewed by one of these agencies [44, 45] . Because shellfish carry a higher risk for causing disease, the FDA, in collaboration with states and the National Shellfish Sanitation Program, has special regulations concerning where shellfish can be grown or harvested in the US, and specific permits and regulations for shellfish processing and interstate trade [46] . Finally, at the end of the supply chain, state and local health departments inspect food preparation, restaurant, and retail locations to make sure they are meeting regulations for safe food handling. The Centers for Disease Control (CDC) also plays a role in food safety by assisting with outbreak investigations for foodborne disease [47] .
Consumption-focused policies
The Departments of Health and Human Services (HHS) and Agriculture (USDA) produce the US Dietary Guidelines every five years with dietary advice related to foods including seafood [5, 6] . The Dietary Guidelines are developed based on input from an advisory committee that reviews the current health and nutrition literature and makes recommendations for dietary patterns [48] . The Dietary Guidelines indicate that seafood intake is below recommended levels for all age groups and should be increased. In 2015, the Dietary Guidelines Advisory Committee made recommendations about sustainability, which mainly focused on reducing meat consumption but also included some discussion of fisheries and aquaculture. Sustainability language and recommendations were not included in the final report, despite broad support from the US public [49] . The Dietary Guidelines have an impact on Americans' diets via nutrition education, food purchasing done using federal funds, and nutrition assistance programs (described below).
Product labeling is an example of a consumer-facing policy. The only government-required form of product labeling for seafood (outside of nutrition and ingredient labeling) is country of origin labeling (COOL). COOL labels report whether the product is wild-caught or farmraised and its country of origin. COOL is required for all minimally processed seafood sold in retail locations, and some consumers infer quality attributes from these labels [50] . Third-party labels, such as eco-labels, complement or fill gaps left by federal labeling laws. Food labels are important because they inform consumers about products in ways that are more direct and tangible than other approaches, such as methylmercury warnings, which are not present on seafood products.
Beginning in the early 2000s, the FDA, Environmental Protection Agency (EPA), and states began working together to advise consumers about methylmercury (MeHg) in both commercial and self-caught seafood. To help recreational anglers, the EPA worked with all 50 states to develop recreational seafood consumption advisories for the general public and women of childbearing age to reduce human exposure to MeHg and certain pesticides [51, 52] . The FDA and EPA also produced seafood MeHg advisories for retail seafood that target women of childbearing age and young children to reduce MeHg exposures [53] . Unfortunately, the original MeHg advisories had the unintended consequence of decreasing maternal seafood consumption, thereby reducing the potential benefits for these populations of eating seafood [54] . A more recent study indicates that the MeHg advisories' message may now be better received, as women of childbearing age are eating seafood but switching to products with lower levels of mercury [55] . The FDA and EPA are in the process of revising seafood advisories for MeHg in light of the expert consensus that the benefits of seafood consumption outweigh the risks [34, 56] .
Nutrition assistance programs The USDA Food and Nutrition Service administers 15 nutrition assistance and nutrition education programs. Table 1 presents the amount and cost of seafood purchased under nutrition assistance programs by individuals (i.e., cash purchases) and by the USDA (i.e., entitlement commodity purchases). The largest program is the Supplemental Nutrition Assistance Program (SNAP, commonly known as food stamps), which in 2014 supported 46 million Americans with low incomes [57] . Individuals can spend SNAP funds to pur-chase any type of fresh, frozen, or processed seafood, as long as it is not a hot or prepared food that can be eaten in the store. The Nutrition Program for Women, Infants, and Children (WIC) distributes funds to eight million pregnant, low-income women and their children. WIC participants can use electronic benefit transfer (EBT) cards (similar to debit cards) to purchase canned light tuna, pink salmon, and sardines, among other food items [58] .
There are also several entitlement programs in which state agencies select what types of commodity foods they want from a list of allowable products that the USDA then purchases and distributes to the states. Examples of these entitlement programs are the Emergency Food Assistance Program, which distributed over 600 million pounds of products to food banks in 2015 [59] , the Food Distribution Program on Indian Reserves, which supports 276 tribes [60] , and the Commodity Supplemental Food Program, which supports approximately 500,000 low-income elderly Americans annually. Rules require that the USDA purchase only domestically produced and processed foods under these entitlement programs. The only seafood product purchased by these entitlement programs currently is canned pink salmon from Alaska, with $7.2 million (3.2 million pounds) purchased in 2013 (Table 1) . Canned tuna will be approved for purchase beginning in 2016. While catfish is an allowable item, it is not typically selected by states due to its expense; instead, items like catfish tend to be purchased using the USDA bonus program, which is used to correct oversupply in the market and does not count against state entitlement spending. In 2013, the USDA purchased $17.6 million (3.7 million pounds) of catfish ( Table 1) .
The Child Nutrition Program (CNP) is a hybrid program that provides both cash reimbursements for students to purchase school food and entitlement funds for schools to purchase that food. The National School Lunch Program (NSLP) is one example within the CNP; it provides five billion free and reduced-price lunches to 30.5 million school-age children through the age of 18 [61] . The list of allowable seafood products purchased through the NSLP is larger than any other nutrition assistance program (Table 1) , and while schools are asked to purchase domestic food with their funds, they may choose imported products that are cheaper or more widely available. Cost is a major barrier for seafood purchasing by nutrition assistance programs, which may cause commodity purchasing programs and participants of SNAP or WIC to purchase more economical animal and plant proteins. It would be useful to identify the barriers, in addition to cost, preventing nutrition assistance programs from incorporating more domestic seafood into food banks and feeding programs. In addition, given the low consumption of seafood among women and low income Americans, consideration should be given to what role the federal government can play in encouraging seafood consumption by SNAP and WIC participants [62] .
Consumption trends in the USA
Americans make food choices based on a variety of reasons. Seafood purchasing is primarily driven by consumer taste preference, cost, income, gender, age, and for some an interest in meeting national dietary recommendations [63, 64] . American seafood consumption is as diverse as our population; however, in aggregate, the most commonly eaten seafood products are whitefish (pangasius, domestic catfish, cod, pollock, tilapia), shrimp, farmed salmon, and canned tuna. The US imports 88% of the seafood it consumes, which is equally split among wildcaught and farmed sources [65] . Most popular seafood products (with the exception of tuna, tilapia, and pollock) have farmed and wild-caught versions available in stores. Yet among the top seafood products, only salmon is high in omega-3 PUFAs, the nutritional element that drives seafood consumption guidelines. Forage fish such as anchovies, herring, and sardines are high in omega-3 PUFAs, low in contaminants like mercury, and low on the food chain; however, these products rarely appear on nutrition assistance program lists and have decreased in popularity among American consumers over the last 50 years.
Indeed, the sheer number of nutrition and health policies described above appears to encourage access to seafood that is safe, affordable, low in mercury, and shelfstable for key groups such as pregnant and breastfeeding women, children, the elderly, and individuals with low incomes. Nonetheless, from 1988 to 2010, Americans have consistently eaten much less seafood than government-recommended levels of 2-3 meals per week (227 g per week, or 8-12 oz per week) (Table 2) [5] . One study found that while four out of five Americans eat seafood on a monthly basis, most people (80-90%) were not meeting dietary guidelines [62] . A very low proportion of Americans meet dietary recommendations in other areas, too, such as fruit and vegetable intake [66] . Women, young people (19-30 years old), and individuals with lower levels of income and education all consume less seafood than the average American [62] . These findings highlight potential inequalities in access to seafood (and/or related factors such as preferences and familiarity) among certain groups, which could contribute to health disparities.
Moreover, federal health policy does not mention the goal to support sustainable domestic fisheries and aquaculture, or include language that indicates how food systems are linked to healthy fisheries. In this sense, fisheries and health policies are intrinsically linked while being effectively "siloed. " Below, we explore US marine fisheries policies to understand how US wild seafood resources are currently managed, and consider what changes to federal fisheries policies/management might lead to optimal food production, human nutrition, and health outcomes for Americans. (1871)]. The resolution recognized that "the most valuable food fishes of the coast and the lakes of the United States are rapidly diminishing in number, to the public injury, and so as materially to affect the interests of trade and commerce. " The US Fish Commission was created to protect, preserve, and study these "food fishes. " After many decades of organizational changes and realignments, duties were divided between the U.S. Fish and Wildlife Service (FWS), which governs freshwater species, and the National Marine Fisheries Service (NMFS), which governs saltwater species. In 1970, NOAA was established and "directed to improve our understanding of the nation's living marine resources, the environment in which they are found, and the interaction between the two, " and NMFS (thereafter also known as NOAA Fisheries) was placed within NOAA [67] .
Fisheries policy
The primary law governing marine fisheries management in federal waters is the Magnuson-Stevens Fishery Conservation and Management Act (MSA; 16 U.S.C. ß 1801 et seq.). While the MSA refers to the importance of fish as food in its definition of optimum yield (OY), 2 the first of ten National Standards included in the document, fisheries regulations generally focus on rebuilding overfished stocks and ensuring that overfishing is not occurring through controls on inputs (gear restrictions/area closures) and/or outputs (limits on catch/landings) [25] , but do not consider what happens to fish after it is landed or how regulatory actions might impact nutrition or food systems [68] . The US Fish and Wildlife Service regulates freshwater fishing outside of the Great Lakes and operates fish hatcheries, fishery resource offices, and ecological services field stations [69] , where the primary concern is conservation of resources and not fish as food. All federal agencies must comply with the National Environmental Policy Act (NEPA), which requires agencies to assess the environmental impacts of and alternatives to proposed actions. These assessments are conducted and shared with stakeholders and the public as Environmental Assessments (EA) or, when it is determined that a Federal action will have a significant effect on the human environment, Environmental Impact Statements (EIS). For example, EPA reviewed a large gold mine planned upstream of Bristol Bay, Alaska, and found reason for concern due to potential impacts to fisheries and the livelihood or cultural identity of fishermen. Human health could be impacted by stress from loss of income or identity; however, health issues related to how the fish are marketed after landing was not considered. In this case, the EPA conducted an EA and determined that a more detailed EIS was not required.
Fisheries policy extends to aquaculture as well, especially regarding use of wild-caught forage fish as aquaculture feed (discussed below); however, our discussion of federal aquaculture-specific policy (i.e., developed by the NOAA Office of Aquaculture or in the NMFS Aquaculture Strategic Plan) is limited in this document. NMFS directs attention to aquaculture in federal waters, where it is primarily concerned with "developing and implementing policies that enable marine aquaculture and works to ensure that aquaculture complies with existing federal laws and regulations that NOAA enforces under its marine stewardship mission" [70] . The USDA gathers data on economics and animal health of US aquaculture products, conducts a census of aquaculture operations every five years [71] , and tracks US imports/exports of aquaculture products [72] . It is important to note that US government agencies are working to expand the domestic aquaculture industry, which currently contributes less than one percent of global aquaculture production [20, 73, 74] . Therefore, an opportunity exists to incorporate sustainability and health outcomes, as well as alternative supply chains, as the industry grows. In addition, integration with food systems, public health, and alternative supply chains may also serve to expand the number of stakeholder groups supporting aquaculture development in the US.
Outcomes and markets
Seafood is the most valuable traded food commodity in the global marketplace, more valuable than coffee, tea, or spices [1] . The US is a major player in global seafood trade, routinely buying and selling to/from over 100 countries in multiple regions of the world [75] . The major trading partners for the US are Asia and Canada [76] . This trade includes two types of products that are important to differentiate: edible products and industrial products. Edible products are what we commonly think of as the seafood that is sold in grocery stores and restaurants. Industrial fisheries products, made primarily from forage fish and fish scraps, are used as animal feed, fish feed, or fertilizer. Forage fish are small oily fish that live in schools within the water column along coasts, oceans, and lakes and are caught with large nets. In the US, over 800,000 metric tons of forage fish are caught each year, which is a fifth of US landings by weight, but just 4% by value (Table 3) . Forage fish caught in the US are often turned into fishmeal and fish oil. It is difficult to convert quantities of forage fish into amounts of fishmeal and oil produced because rendering removes water weight, but NMFS reports that the US produces over 200,000 metric tons of fish meal and 70,000 metric tons of fish oil each year [1] .
Once aquatic animals are removed from a body of water, they enter seafood supply chains consisting of hundreds of processors, wholesalers, distributors, and retailers that employ 1.3 million full-and part-time workers in the US [77] . Edible and industrial fisheries products are both traded, but in different ways. For example, the US imports more edible products than it exports (i.e., a negative trade balance), while the opposite occurs with industrial products-the US exports three times more industrial products than it imports (Table 4) . Overall, these trading patterns have led to a food system where nine-tenths of the US edible seafood supply is imported, sometimes as US fish that has been processed abroad, and a feed system where large amounts of forage fish are extracted from US territorial waters and exported. As we will explore later in this paper, these complex interactions between supply and demand in the use of natural resources have important outcomes for human health, as well as implications for society, the economy, and ocean ecosystems.
The Atlantic herring fishery, formerly a food fishery and now a bait fishery for the New England lobster fishery, illustrates the evolution of social and economic outcomes influenced by fisheries policy. Small herring used to be canned in Maine in the nineteenth and twentieth centuries, peaking at 400 canneries that employed thousands. The last cannery in Maine closed in 2010 [78] . Changing markets and consumer preferences played some role, for example, in the dietary replacement of canned herring and sardines with canned tuna, but how Atlantic herring is caught also determines what it is used for. Fishing methods have changed since herring was used as a human food and changes in fishing methods and technology have accompanied changes in the management and use of herring. Early methods (traps called weirs and relatively small nets called seines) caught herring without damaging the fish, which was ideal for using herring as human food. Over time, regional fisheries management council regulations have allowed large trawlers and pair trawlers (trawlers working together with a net between them), to become the dominant gear types; these vessels pump large catches out of nets into onboard refrigerated seawater tanks. Fish caught this way are not marketable as human food, as they are often damaged during the process of extraction. Concurrent with these technological shifts, Atlantic herring shifted from being a food fish to a baitfish, used almost exclusively as bait for today's American lobster fishery (Pinto da Silva, Olson and Benjaman, in review). While herring was once a low-cost source of high quality protein and other nutrients, the fishery it now supports, lobster, is a high-cost (i.e., less affordable) food source. While these changes from food to bait have been exacerbated by a confluence of economic, social, technological, and cultural shifts, regulatory measures have likely contributed to this situation as well by not considering the impacts of regulatory changes on the regional and national food system.
Examining management and the use of herring and other forage fish raises the following questions: Should forage fish be managed in a way that recognizes the benefit of leaving a certain amount in the ocean to provide food for other fish higher on the food chain? Should people eat these fish instead of using it for industrial purposes, including as aquaculture feed or bait, where there is a conversion loss of protein and biomass? Herring, as well as menhaden and other forage fish, expose some of the trade-offs that are inherent in fisheries management, trade-offs that will only be increasingly highlighted as regulatory agencies begin to grapple with ecosystembased approaches to management. The important point in this context, however, is that how we choose to manage our fisheries will also influence the food supply in the US and beyond, making fisheries policy part of US food policy and requiring more explicit recognition of the intersection of, and especially the trade-offs between, fish, food, and health policy. As the following examples help demonstrate, expanding the universe of those involved with fisheries management can shift the objectives of concern and change the questions stakeholders are asking.
Synergy between fisheries and health policy, illustrative examples
Here, we present four illustrative examples of policies, initiatives, and business models where fisheries and health policies are purposefully connected. Each example targets a different level (federal and state government, civil society, economy) as a way to acknowledge that hybrid, multi-level interventions are needed to solve complex problems. The examples we selected are: anchovy consumption in Peru; an Alaskan government program to purchase local seafood for public school lunches; a public-private partnership between a New England university, seafood distributor, and nonprofit working to support local fishers; and a California-based canned seafood business.
Social marketing: Peruvian anchovies, changing culture takes time
Along the West Coast of South America in the Pacific Ocean lies the Humboldt Current, where a rich upwelling of nutrients supports an abundance of marine life [79] . As a result, Peru has some of the best fishing grounds for small pelagic fish, including anchovies and sardines. At the peak of anchovy fishing in 1970, 12 million metric tons of anchoveta, a type of anchovy, were harvested off the coast of Peru, constituting an astounding 20% of all global fish harvests [80] . Peruvian anchoveta stocks have fluctuated due to El Niño conditions and overharvesting, but most recent statistics indicate that they provide a third to half of the world supply of both fishmeal and oil [81] . Peruvian anchoveta are almost exclusively harvested for export as a feed ingredient (as fishmeal and oil). Only 2% of Peruvian anchoveta are used for human consumption [79] despite food insecurity and micronutrient deficiencies in Peru and surrounding countries [11, 79] . In 2006, the Oceana Center for Environmental Sustainability (CES) at the Cayetano Heredia University in Lima set out to reshape the way anchoveta were used in Peru by promoting them as human food via the campaign "Semana de la Anchoveta" (Anchovy Week) (personal communication, Patricia Majluf, Oceana). Working with Peru's top celebrity chef on a nationally recognized TV cooking show, CES was able to broadcast their message about the sustainability, health benefits, and flavor of Peru's national fish, the anchoveta. The story caught the attention of the president of Peru, and after a meal with him at the Presidential Palace, the campaign had the backing of the government. A subsequent law allocated 8% of Peru's government spending on food toward anchoveta. Anchovy Week was repeated in 2007, 2009, and 2012, though the founder of the campaign admits it never reached her expectations in terms of public participation (personal communication, Patricia Majluf, Oceana). A lesson we can draw from Anchovy Week is that enacting food system changes requires adjustments not only in policy, but also throughout the supply chain, and among consumers. For example, the anchoveta fishing quota is solely based on reduction fishmeal uses, not producing food on food-grade anchovy. If vessels in the industrial fleet could use their catch for human consumption, the ensuing supply could be at a scale that would make production for human consumption economically viable. Fresh and frozen product forms, and new more convenient presentation formats (i.e., dried, minced) are needed to attract more consumers beyond those currently eating canned anchovies. These issues may include environmental, social, and economic trade-offs [81] and require unraveling and replacing current incentives in the fisheries policy that maintain the status quo [82] .
State-level policy: Farm to School programs
In the section on health policies, we describe several nutrition assistance programs that include seafood. One innovative method for introducing seafood into nutrition assistance programs is through the National School Lunch Program (NSLP) using a concept called "Fish to School" (related to "Farm to School" programs).
The State of Alaska has been proactive in navigating the bureaucratic requirements that must be fulfilled in order to source, purchase, and serve local fish like pollock, salmon, cod, halibut, and rockfish in school cafeterias [83] . Like other states, the Alaska state government requests that USDA purchases bulk quantities of commodity seafood (mainly canned pink salmon and catfish) for entitlement programs and through schools with CNPs. Alaska also provides grants to reimburse schools that purchase Alaskan-caught seafood through the Nutritional Alaskan Foods in Schools (NAFS) program. The NAFS helps schools better align meals with the national dietary guidelines and has its underpinnings in a 2010 state law to promote local agriculture in public schools [84] . The Alaska Fish to School effort aims to improve student health via seafood consumption, help students understand where their food comes from, provide traditional foods for schools, and acknowledge the cultural and economic significance of purchasing local seafood [83] . A study of the Alaska Fish to School program found that school fish meals were well aligned with the local foodways of the community, and purchasing local seafood engendered goodwill with parents and the community [84] . Challenges for schools implementing Fish to School in Alaska were finding seafood suppliers, ordering appropriate quantities of fish, and finding suitable recipes [84] . Implementation of the program also requires that there is demand for new foods, that they are available domestically from a pool of vendors, and that there is capacity within industry to provide necessary quantities. Oregon, Massachusetts, and New Hampshire are also working on similar Fish to School programs [85] [86] [87] , which highlights an opportunity for repeating these innovative programs in other coastal states.
Food procurement: connections among universities, hospitals, and regional fisheries
Universities, hospitals, and other groups with institutional food procurement can play a key role in connecting local fisheries to improved diets [88] . Universities and hospitals are increasingly interested in the sustainability of their physical campuses as well as of the services they offer. Sustainability has become a "core value" of these institutions that requires mainstreaming throughout their operations. As part of this process, most universities have developed sustainability plans that cover a range of issues from procurement and building practices to improving energy and water use efficiency and reducing their overall carbon footprint. Food service procurement is often seen as a component of these plans. Some universities are rethinking their relationships with local economies as well as their ability to provide fresh local health food options for students. While the focus of these efforts has been on the local and regional procurement of agricultural products, some institutions are connecting with local fisheries. In Boston, Massachusetts, improved technology around fish marketing is enabling regional universities (such as Boston University, Harvard University, and the University of Connecticut) to buy thousands of pounds of locally caught fish at competitive prices. Red's Best, an innovative seafood dealer, provides fish caught on day boats from Rhode Island to Maine directly to universities through negotiated partnerships [89] . By using QR codes that track where, when, and who caught the fish, universities are able to confirm the chain of custody and ensure that they are purchasing seafood caught locally or regionally. While universities continue to purchase much of their seafood from national distributors, purchases from Red's Best are growing as a share of total university seafood purchases in participating institutions.
Hospitals are also reflecting on the social and environmental impacts of their purchases. The quality as well as the source of hospital food can influence regional agricultural systems and markets for regionally caught seafood, not to mention health outcomes for patients. Like universities, hospitals are also developing sustainability plans, which often include increasing the amount of locally sourced food as a component of sustainability. Healthcare Without Harm is an international coalition of hospitals, community groups, environmental health organizations, and others that are working together to improve the overall contribution to health that a hospital can make beyond the medical services offered to patients [90] . The food procurement components of these plans have most often focused on agricultural products, leaving seafood sourcing to traditional mechanisms. However, through partnerships with local NGOs, some hospitals in New England are engaging with their suppliers on where their seafood comes from, as well as purchasing seafood directly through local community-supported fisheries (CSFs) [91] , which are currently being encouraged in the Northeast USA through support from the Northwest Atlantic Marine Alliance (NAMA). These partnerships are helping to achieve "optimum yield" in fisheries by encouraging the purchase of US caught seafood in regional institutions.
Private sector: business opportunity
Bill Carvalho is the founder of Wild Planet, a canned seafood company. In 2001, a tour of the Monterey Bay Aquarium led to a realization of the economic opportunities available in exclusively selling sustainably harvested seafood, including forage fish, that are low in mercury and high in omega-3 PUFAs (personal communication, Bill Carvalho). In 2004, Wild Planet began selling canned tuna that met these standards, and later added canned sardines, anchovies, and mackerel. In 2008, Wild Planet received backing from a private equity firm involved with the Packard Foundation, enabling it to grow into one of the only American companies selling domestic forage fish, among other products, to the domestic mass market. Wild Planet products are now featured in many major grocery store chains in the US alongside traditional canned seafood.
The company's emphasis on sustainability has meant that product sourcing and supply chain management require constant attention. Tuna is purchased directly from US tuna fishermen or from the Japanese pole and troll fleet. Mackerel is also purchased from Japan. Originally, sardines were purchased from West Coast bait vendors; however, unreliable sizes of fish and a recent moratorium on sardine harvests meant the company had to source sardines primarily from Japan, and the USA as available. Most of Wild Planet's fish are canned in Vietnam, in part because the labor prices are more competitive, but also because Carvalho has had difficulty trying to revive the US West Coast seafood canning industry. Wild Planet also sources and cans anchovies in Peru, in an effort to support the Peruvian food fish canning industry. The story of Wild Planet highlights the international nature of the seafood supply, and the challenges for one company that attempts to source and process environmentally sustainable domestic seafood that is of high nutritional value.
Recommendations
US national health policy can have a significant impact on seafood access, utilization, and consumer seafood purchasing and consumption patterns. However, many of these policies, regulations, and guidance documents have been developed without any cross-integration to fisheries policies and regulation. As a result, government efforts to improve population health miss many opportunities for sourcing domestic, sustainably caught or farmed seafood. Others have raised similar concerns about misalignment of nutrition policy and agriculture policy [92] .
Fisheries policy is also detached from, but integral to, public health. Fisheries and aquaculture policies refer frequently to the importance of fish as food for Americans; however, the emphasis of fisheries regulations and the science produced to support it have been on sustaining the resource and reducing impacts on fishing businesses without considering the broader outcomes, such as the production of food for the nation, that are defined in the MSA as necessary to achieve not just maximum sustainable yield but the overarching goal of optimum yield, or OY [MSA Sect. (3)(33)]. 3 There is also a general disconnect between fisheries and consumers, such that the average citizen is often unaware of where their seafood comes from [93] .
Aligning fisheries and health policies is imperative to achieving food security. Change will need to occur at multiple levels of policy and across various domains and dimensions of the food system (e.g., social, political, biophysical, economic) [94] . Institutions including seafoodrelated businesses, hospitals, state government agencies, NGOs, and academia can also play a role in better weaving together fisheries and health priorities (as we describe in "Synergy between fisheries and health policy" section). Drawing from these examples and our own professional experiences, we have developed a set of recommendations for integrating fisheries, aquaculture, and health policies.
The following bullets describe a number of ways to connect US health policy to fisheries and aquaculture policy, within the context of food production.
• Strengthen federal agency linkages Government agencies often work on similar topics but approach them from different disciplines or have divergent outcome measures. We see the following opportunities for stronger agency linkages: (1) integrate seafood consumption and nutrition guidance from other federal agencies with NOAA Fish Watch, a national database for sustainable seafood [95] ; (2) include sustainable sourcing in the US Dietary Guidelines, with input from NMFS and others on seafood sustainability; (3) coordinate activities between FDA's seafood import inspection program and NOAA's seafood traceability initiative; (4) integrate state advisories for recreational fishing with state guidelines for self-caught fish consumption with support from EPA, FDA, NMFS, and FWS [52] ; (5) connect seafood to the Obama White House backed initiative "Local Foods, Local Places" that connects multiple agencies around agricultural products [96] ; and (6) move toward a national food policy that recognizes how fisheries and agriculture policy can support human health and the environment [97] .
• Use federal agency purchasing power The federal government has substantial purchasing power, which could be leveraged to purchase sustainable seafood through: (1) increasing the diversity of bulk domestic seafood products included in USDA Nutrition Assistance Programs; (2) supporting states in developing "Fish to School" programs to purchase domestic sustainably harvested and farmed seafood with National School Lunch Program funds; and (3) changing institutional food procurement polices [88] (e.g., the Federal Food Service Purchasing Guidelines) for food sold at federal buildings and in the military so they support sustainably harvested and farmed seafood.
• Foster federal agency investments in people Investments are commonly made by NMFS on the harvesting side of fisheries-vessel buybacks, and payments for involvement in cooperative research. But sustainable fisheries and sustainable seafood require new skills and relationships for fishermen and others involved in the supply chain in order to build new connections that will enable selling locally, regionally, to institutions, or using other supply chains that serve as an alternative to the current high import/ export model. Innovations in fisheries, such as traceability technology, community-supported fisheries, and direct marketing, could be expanded rapidly with targeted government funds.
• Shift assumptions about fisheries management (1) Expand the scope of fisheries management's general consideration of fish as being a food to more specifically include food systems and supply chains that form part of the broader socio-ecological connections integral to the viability and resilience of fishing businesses [98] and to think of fishing communities as part of this system rather than simply the home of fishermen or a landing site for vessels. This is a radical shift from the knowledge and training that most individuals who work in fisheries possess, and would require new collaborations. (2) Recognize that markets are not always the most effective way to distribute seafood to achieve MSA objectives beyond revenue and profit. In some fisheries, markets may serve objectives of food production and regional distribution better than others. Fisheries assessments will need to recognize that achieving optimum yield requires consideration of factors beyond fish stock sustainability and social and economic impacts to the harvest sector and fishing communities. Given that food is one of the elements of optimum yield, NMFS must consider the broader food system and seek partners who can operate in realms beyond its limited regulatory purview.
• Change how success is measured How we measure success in fisheries management matters. Focusing on ecological sustainability (the Fisheries Stock Sustainability Index or FSSI, for example) is an incomplete picture of whether the greatest benefits to the nation are being achieved. A stock might be in good health but might be under performing in terms of its contribution to the food system. Fishery performance measures could overlap with other government agency performance measures to reinforce and clarify connections between food policy and fisheries policy, expanding beyond the harvest sector to include seafood distribution, food access, supply chain, and consumption patterns.
• Foster new social science research Fisheries social science research has focused primarily on the harvesting sector and fishing communities. New areas of research that combine traditional social science fisheries research with food systems, health policy, and social justice research are necessary. Additional studies are needed on, for example: consumer preferences and consumption patterns with respect to lesserknown seafood products harvested from domestic sustainable fisheries and domestic aquaculture operations; interventions for reducing consumer seafood waste, such as clear package labeling or education [99] ; and policy studies of how the Affordable Care Act can be leveraged to purchase local seafood for private hospitals and healthcare facilities [100] . We need to better integrate data on seafood access, consumption, and local markets with fisheries EAs and EISs. These research projects will necessarily involve collaborations across disciplines and research specialties.
• Create new relationships The perspectives used to inform the fisheries management process will need to be broadened to reflect the range of stakeholders associated with the larger fisheries system and food system. Currently, Fishery Management Council meetings are attended mainly by harvester organizations, environmental NGOs and, to differing degrees by region, processing representatives. Consumer groups, public health professionals, civil society organizations, and local seafood marketers are largely absent from the collaborative management process, in part at least because they are not targeted for announcements of these meetings and may therefore be unaware of them. Increased outreach by Regional Fishery Management Councils might help to alleviate this. One promising evolution in the Northeast Region is the creation of a Seafood Marketing Group within the NMFS Greater Atlantic Regional Fisheries Office [101] that brings together processors, harvesters, chefs, scientists, educators, state food system representatives, and others to consider how to add value to the fish harvested in the region. Another new relationship worth exploring and supporting in a broader context is a joint policy statement from health professional associations (American Public Health Associations, American Medical Association, and American Society of Nutrition) and fisheries and aquaculture associations (American Fisheries Society, US Aquaculture Association) about the importance of synergy between the fisheries and health fields.
Conclusions
Managing fisheries to promote optimal nutrition and efficient food production likely requires a different approach to fisheries management-new outcomes will need to be monitored, new approaches found and fisheries, aquaculture, and health policies better integrated. The Magnuson-Stevens Act as well as NMFS strategic guiding documents all highlight the importance of fish as food, as do the USDA/HHS nutritional guidelines. However, the implementation of the MSA has not focused on food production outcomes. What happens to fish beyond the harvesting and processing level is currently beyond the scope of factors considered by the councils. Council decisions are informed by impact assessments that focus on harvesters, fishing businesses, and to some degree on impacts to fishing communities. Simultaneously, while health policies such as the US Dietary Guidelines indicate the need to consume more fish, little consideration is given to the sustainability or source of fish, their connections with US fisheries systems, and global distribution of seafood. Nonetheless, some states have implemented "Fish to School" programs in school districts, and more opportunities for bulk purchasing of sustainably caught or raised seafood exist in nutrition assistance programs and institutional food-buying programs. Seafood businesses, universities, hospitals, NGOs, and other actors are also beginning to make connections between public health, fisheries, and aquaculture. These efforts are a positive sign because change will need to occur at multiple levels and across various domains (federal, state, and local) and dimensions of the food system (e.g., social, political, biophysical, and economic). Aligning fisheries, aquaculture, and health policies should begin first where the most promising opportunities exist. There are numerous small steps to begin this process with shared responsibility among government, industry, and civil society. We also call on researchers to continue addressing questions and issues raised here, and develop and test theories of change that move us in a direction toward a more just, equitable, and sustainable food system. 
